Interactions between the Molecular Components of the Cowpea Chlorotic Mottle Virus Investigated by Molecular Dynamics Simulations.
The formation of a viral particle generally involves hundreds of proteins, making the assembly process intricate. Despite its intrinsic complexity, the production of a viral particle begins through the interaction between the basic assembly components. For the cowpea chlorotic mottle virus (CCMV), the first steps of the assembly process involve dimers of the capsid protein. Here, we carried out atomistic molecular dynamics simulations to investigate the initial assembly process of CCMV to get insight into the interactions at the molecular level. We found that salinity not only affects the electrostatic interactions between dimers but also changes the conformation of the positively charged N-terminal tails and can cause a serious steric hindrance for other dimers binding to the hydrophobic domains. An RNA rod was used to mimic a long segment of a viral genome and to study its interaction with dimers. We observed that the dimer with tails prefers to bind on the RNA rod with its positively charged inner side. The dimer-RNA interaction was found to be as strong as the dimer-dimer interaction, whereas the association energies between a dimer and a pentamer or a hexamer of dimers were high but strongly depended on the presence of the tails. Upon heating, the capsid experienced a shrinkage accompanied by a loss of order in the icosahedral crystal structure.